Objective To examine the relationships among negative attributions of friend and peer reactions to diabetes management in social situations, anticipated adherence difficulties, friend support, diabetes stress, and metabolic control. Methods A sample of 102 adolescents with Type 1 diabetes completed instruments measuring attribution of friend and peer reactions, anticipated adherence, friend support, and diabetes stress. Metabolic control was measured by the percentage of hemoglobin A1c. Results Structural equation modeling demonstrated an excellent fit of two models depicting the mediating role of anticipated adherence difficulties and diabetes stress on the relationship between negative attributions of friend (first model) and peer (second model) reactions and metabolic control. Friend support was found to moderate the path between diabetes stress and metabolic control in an unexpected manner. That is, as friend support increased, so did the relationship between stress and metabolic control. Conclusions Adolescents who make negative attributions about reactions of friends and/or non friend peers are likely to find adherence difficult in social situations and have increased stress, with the latter associated with metabolic control. Results are discussed in terms of a social information processing model of adjustment.
include filtering only specific aspects of the situation, incorrectly appraising others' intentions, or assessing ambiguous situations as threatening in terms of potential consequences (Crick & Dodge, 1994) . The model suggests that adolescents with Type 1 diabetes may perceive adherence behavior as difficult in social situations due to a fear of negative friend evaluations. Therefore, maladaptive interpretations of events could result in poor behavioral adherence choices and/or emotional distress, and potential problems with metabolic control.
Research has shown support for various paths of this model. Adolescents with Type 1 diabetes become increasingly influenced by expected disapproval from friends in social situations that require adherence behavior, and consequently report less regimen adherent solutions to these problem situations (Thomas et al., 1997) . In addition, adolescents who make negative attributions about expected friend reactions to their diabetes care efforts are more likely to anticipate adherence difficulties. These anticipated difficulties are associated with increased diabetes-related stress, which in turn is related to poorer metabolic control . Thus, negative attributions of friend reactions and adherence efforts are not related to metabolic control directly, but rather through diabetes-related stress, which has been found to have a direct association with metabolic control (Aikens, Wallander, Bell, & Cole, 1992; Farrell, Hains, Davies, Smith, & Parton, 2004; Hains et al., 2006) .
Decisions to avoid adherence behaviors around friends are problematic because adolescents are missing opportunities for support. Despite adolescents' apprehensions to the contrary, friends of teenagers with Type 1 diabetes have been found to provide both emotional and companionship support and support for some aspects of the treatment regimen (La Greca, Bearman, & Moore, 2002) . A strong relationship between friend support and adherence, however, has not been found (Bearman & La Greca, 2002) . One possible reason for this lack of relationship is the role of attributions and cognitive appraisals, which when positive may serve as a protective factor and when negative may impact the adjustment of adolescents with chronic illness (Wallander & Varni, 1992) .
While the social information processing model provides a framework for examining the relationship among attribution of friend reactions, adherence behavior, stress, and metabolic control, the role of friend support in this model has not been addressed. Friend support may impact the nature of this relationship. In the context of high levels of friend support, the relationship between negative attributions, adherence difficulties, diabetes stress, and metabolic control might be lessened.
This study was designed to (a) clarify the relationships among negative attributions of friend reactions and peer reactions, anticipated adherence difficulties, friend support, diabetes stress, and metabolic control; and (b) develop questionnaires with sufficient psychometric properties to test this aforementioned model. The hypothesized model is presented in Fig. 1 . Using structural equation modeling (SEM), the first objective was to replicate past research showing a relationship between negative attributions of friend reactions and metabolic control that is mediated by anticipated adherence difficulties and diabetes stress. Second, we examined whether a similar pattern of relationships held for attributions of general (nonfriend) peer reactions to adherence in school-based settings. Much of the research that has examined adherence in social situations has focused on friends, and not peers in larger social contexts. The larger peer group provides a different scope of social functioning, and the impact of attributions about peer reactions to diabetes care in social settings like school needs to be considered (La Greca et al., 2002) . For this study, we looked at academic settings where large groups of adolescents who are not necessarily friends are present to observe diabetes management efforts. Third, we examined whether friend support moderated the relationships among attributions, adherence difficulties, stress, and metabolic control.
Methods Participants
The study was reviewed and approved by the institutional review boards of 
Procedure
Participants were recruited by one of two methods. In one method, members of the diabetes treatment team introduced the research study to adolescents and their parents while they were at a clinic visit. If the families expressed interest, a graduate student in psychology described the project in more detail and obtained consent. In a separate method of recruitment, the study was introduced to the adolescents and their families at an evening educational group hosted by the diabetes clinic at CHW. Graduate students in psychology staffed an information booth during the evening's activities. A clinic team member hosting the evening session introduced the graduate students, and directed interested individuals to this information booth. The graduate students provided a description of the study to interested parties and obtained consent. Participants were given a packet of instruments that included demographic information, attributions about reactions of others to self-care in social situations, friend support, and diabetes stress. Adolescents were given the option of completing the instruments at clinic or the evening session, or taking them home and returning them by paid business reply envelope. The majority of the adolescents who returned completed questionnaires did so within two weeks. All completing adolescents received a gift certificate to a local shopping mall for their participation.
Measures

Demographic Information
Demographic information related to gender, race, age, grade in school, and duration of diabetes was included on a cover sheet.
Attribution of Friend and Peer Reactions
The Friend and Peer Attribution Questionnaires were adapted from an earlier version of an attribution questionnaire which focused only on friend reactions . This previous measure has demonstrated good reliability (internal consistency) and concurrent criterion, and construct validities . These modifications included splitting items with dual content into separate questions (e.g., 'my friends would understand and be supportive' to 'my friends would understand' and 'my friends would be supportive') and adding questions to expand the scales' content validity. This questionnaire describes 11 social situations involving friends and other peers where the youth is faced with an adherence situation. Seven of the situations involve friends in social settings and four involve others peers in school-related settings. Specific situations were developed based on the literature on adherence in social contexts and the clinical experience of the researchers.
The following is an example of an adherence situation involving friends: ''Imagine that your friends ask you to go out somewhere and it's almost time for you to test your blood sugar. You don't have your test materials with you and your friends are impatient to leave.'' Each of the 11 friend and peer situations was followed by 13 questions asking the youth how they think their friends or peers would react if the youth did his or her self-care in the situation.
Several of these questions asked to what extent the adolescents expected to have certain thoughts about the friends' (or other peers') reactions, with the adolescents responding on a 5-point scale (1 ¼ strongly disagree; 5 ¼ strongly agree). Positively worded attributions (e.g., I'd think my friends would understand) were reverse scored. Five of these questions for the vignettes involving friends were averaged to form the Negative Friend Attribution Scale. To form the Negative Peer Attribution Scale, five of the questions for the vignettes involving other peers were averaged. Five additional questions, which asked about the ease and likelihood of adherence in these situations were summed and averaged to form the Anticipated Adherence Difficulties Scale for both the friend vignettes and the other peer vignettes.
Diabetes Stress
The Diabetes Stress Questionnaire (DSQ) is a 65-item self-report instrument designed to assess daily stressors for adolescents related to diabetes. The measure yields a composite scaled score with higher scores indicating higher levels of stress. Internal consistency has been reported to be excellent (Cronbach's a ¼ .97), and the measure has also been shown to have good concurrent validity (Boardway, Delamater, Tomakowsky, & Gutai, 1993) .
Friend Support
Friend support was examined by the Diabetes Social Support Questionnaire (DSSQ; Bearman & LaGreca, 2002) . The DSSQ is a 28-item self-report measure of friends' support for diabetes care. Internal consistency for the total scores is high (Cronbach's a > .90), and the measure has been found to have good correspondence with other support measures (Bearman & LaGreca, 2002) .
Metabolic Control
Metabolic control of the sample was measured by the percentage of hemoglobin A1c (HbgA 1c ), and was obtained from the clinic visit during which the adolescents were recruited or the most recent clinic visit in the case of youths recruited during the evening educational group. All samples were collected via DCA2000 (Bayer, Tarrytown, NY) with the nondiabetic reference range between 4.5% and 5.7%. HbgA 1c levels reflect the average level of blood glucose over a 2-3 month period. The mean HbgA 1c level for the participating youths was 8.314 (SD ¼ 1.38), which is comparable to the mean for the clinic as a whole (M ¼ 8.6).
Results
Analytic Plan
In order to test the proposed model, a series of steps was needed: (a) determine adequacy of the factor structure and psychometric properties of the Friend and Peer Attribution Questionnaires using confirmatory factor analysis (CFA); (b) test the hypothesized relationships among the study variables; (c) determine significance of the mediational/indirect effects; and (d) determine whether peer support moderates relationships within the models.
To assess the fit of the measurement and structural models, a variety of indices appropriate for smaller samples and nonnormal data were used including a Satorra-Bentler Scaled chi-square (SB w 2 ) to degrees of freedom ratio of two or less (Ullman, 2001 ), a Comparative Fit Index (CFI) above 0.90, a Root Mean Square Error of Approximation (RMSEA) statistic below 0.10, and a Standardized Root Mean Square Residual (RMR) below 0.08 (Browne & Cudeck, 1993; Hu & Bentler, 1999; MacCallum, Browne, & Sugawara, 1996) .
Factor Structure and Psychometric Properties of the Friend and Peer Attribution Questionnaires
CFA using a robust maximum-likelihood estimation method in LISREL 8.54 (Jöreskog & Sörbom, 2003) was employed to validate the factor structures of the Friend Attribution Questionnaire (FAQ) and the Peer Attribution Questionnaire (PAQ). This method allowed for the computation of an SB w 2 and robust standard errors which adjust for multivariate kurtosis (Satorra & Bentler, 1994) . These initial analyses indicated that the proposed models provided a poor fit to the data according to Bollen's (1989) and Hoyle's (1995) standards; however, the fit of these models became excellent by allowing the error terms between two questions that were formerly paired (e.g., frustrated or upset) to correlate. This technique allowed the shared variance of the questions that was unrelated to the latent constructs to correlate without affecting any of the estimated relationships between the latent variables within the model (Jaccard & Wan, 1996) . Table I presents the initial and final fit statistics for the PAQ and FAQ. Table II shows the means, SDs, and internal consistencies (a) for the various scales and scale items across vignettes used in this study. With regard to the validity of the measures, substantiation of criterion validity was obtained by examining the correlations among study variables (Table III) . More specifically, Negative Attributions of Friend Reactions (NAFR) and Negative Attributions of Peer Reactions (NAPR) had significant positive relationships with diabetes-related stress, Anticipated Adherence Difficulties-Friends (AADF), and Anticipated Adherence Difficulties-Peers (AADP) and no direct relationship with metabolic control. Similarly, AADF and AADP were positively correlated with diabetes-related stress and not related directly to metabolic control. These results provide evidence of criterion validity, since these relationships are in the magnitude and direction that are theoretically expected (Cohen & Swerdlik, 1999) . Furthermore, the corrected item-total correlations for the subscales of FAQ (NAFR: M ¼ 0.69, SD ¼ 0.12; AADF: M ¼ 0.55, SD ¼ 0.10) and PAQ (NAPR: M ¼ 0.80, SD ¼ 0.08; AADP: M ¼ 0.61, SD ¼ 0.10) provided strong evidence for both content and construct validity (Cohen & Swerdlik, 1999) . 
Hypothesis Testing
Mediation Analyses
In light of the preliminary evidence for the factor structure and reliability of the FAQ and PAQ, the hypothesized model was evaluated using SEM. Although similar to multiple regression (MR), there are several benefits to testing models via SEM. These benefits include the ability to: (a) simultaneously estimate the significance of both direct and indirect relationships; (b) obtain estimates corrected for variables with non-normal distributions and less-than-perfect reliability; and (c) determine the adequacy of the model using goodness of fit statistics. To decrease the number of estimated parameters, latent variables were defined by fixing the sole indicator's factor loading to 1.0 and its error term to 1 minus the reliability (alpha coefficient) multiplied by the indicator's variance (Hayduk, 1987) . This technique produces path estimates identical to those obtained using multiple indicators or item parcels (Sass & Smith, 2006) . This technique allowed for this study's cases to measure ratio (approximately 14:1) to exceed standard recommendations for SEM of 5-10 cases per measure (Bentler, 1990; Kline, 2004) . For HbgA 1c , the error term was set to 10% given that the correlations of $.95 between the DCA2000 and high-performance liquid chromatography suggest reliable variance of around 90% (Guerci et al., 1997) . The two hypothesized mediational models for both peers and friends were tested using robust maximumlikelihood estimation method in LISREL 8.54. All goodness of fit indices suggested an excellent fit between the models and the data (Table I , models five and six). As predicted, Negative Attributions had a direct effect on Anticipated Adherence Difficulties, which directly affected Diabetes Stress, which in turn had a direct effect on Metabolic Control. Across both models, Negative Attributions of others' reactions and Anticipated Adherence Difficulties had significant indirect effects on metabolic control through the variable Diabetes Stress. As hypothesized, a significant indirect relationship between Negative Attributions of others' reactions and Diabetes Stress was found through the mediating variable of Anticipated Adherence Difficulties. These two models accounted for the following percentages of variance of dependent latent variables: 61% AADF, 51% AADP, 9% Diabetes Stress, and 9% Metabolic Control. These final models with standardized estimates are presented in Fig. 2 with the indirect relationships indicated with a dashed line. Additional details regarding the model, the covariance/correlation matrixes of items and variables, and unstandardized estimates can be obtained from the corresponding author.
Moderation Analyses
When MRs are used to test moderations, it can produce biased and inconsistent coefficient estimates along with a loss of statistical power as the reliability of the measures decline (Aiken & West, 1991; Busemeyer & Jones, 1983) . To correct for reliability, several smaller structural equation models were tested to determine whether Friend Support moderated the paths between (a) NAFR and Anticipated Adherence Difficulties among friends; (b) Anticipated Adherence Difficulties among friends and Diabetes Stress; (c) NAPR and Anticipated Adherence Difficulties among peers; (d) Anticipated Adherence Difficulties among peers and Diabetes Stress; and (e) Diabetes Stress and Metabolic Control. Similar to MR techniques, each of these models included two mean centered simple effects and one product variable. The latent simple effect and product variables were defined in the manner previously described; however, the reliability for the interaction variable was estimated using Busemeyer and Jones' (1983) formula for the reliability of a product. These five models were tested using robust maximum-likelihood estimation method in LISREL 8.54. Because the models were saturated (e.g., degrees of freedom equaled zero), no goodness of fit indices were available. Of these analyses, only the path between Diabetes Stress and Metabolic Control was found to be moderated by Friend Support (Table IV) . Post hoc probing revealed that as friend support increased, so did the relationship between stress and metabolic control. More specifically there was essentially no relationship between these variables at low levels of friend support (À1 SD; simple slope ¼ 0.09, t ¼ 0.25, p ¼ .81); however, at the mean (simple slope ¼ 0.65, t ¼ 2.63, p ¼ 0.06) and high levels of support (þ1 SD), this relationship was significant (simple slope ¼ 1.22, t ¼ 3.40, p ¼ .001).
Discussion
This study was designed to clarify the relationships among negative attributions of friend reactions and general peer reactions, anticipated adherence difficulties, friend support, diabetes stress, and metabolic control.
In keeping with past research , negative attributions of friend reactions had a direct effect on anticipated adherence difficulties, which had a direct effect on diabetes stress, which in turn had a direct effect on metabolic control. This same pattern was also found when adolescents considered self-care behavior around peers other than friends in school settings. Across both friend and other peer models, negative attributions of others' reactions and anticipated adherence difficulties had significant indirect effects on metabolic control through associations with diabetes-related stress. As hypothesized, a significant indirect relationship between negative attributions of others' reactions and diabetes-related stress was found through the mediating variable of anticipated adherence difficulties. The importance of cognitive appraisals in the adjustment of children with chronic physical conditions has been proposed in other theoretical models (e.g., Wallander & Varni, 1992) , and the findings of this study are consistent with that work.
The role of friend support was only found to moderate the path between diabetes-stress and metabolic control. Thus, it appears that friend support may not have a large impact on the nature of the relationship between attributions of others' reactions and anticipated adherence difficulties, or the relationship between adherence difficulties around others and diabetes stress. .07
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.23 Figure 2 . Final path models with standardized estimates. Indirect effects are indicated with a dashed line (all paths are significant at p < .05).
In a seemingly paradoxical fashion, as friend support increased, so did the relationship between stress and metabolic control. A few interpretations of this finding are possible. First, for adolescents experiencing greater stress or poorer metabolic control, their friends become more supportive, but these friends may not be effective in helping them manage their diabetes-related difficulties. Alternatively, adolescents with higher diabetes stress may not make good use of coping support from friends, or they may actually find increased friend support as aversive. Finally, the support efforts by friends may actually be maladaptive, encouraging the adolescents to make poor behavioral choices. These alternative explanations regarding the impact of friends should be examined in future research. There are a number of limitations for this study. First, adolescent responses to vignettes may not provide an accurate account of actual behavior in real social situations with friends. Multiple informer reports of behavior and cognitions in actual situations or qualitative interviews may shed further light on the factors of interest. Some adolescents who have very negative expectations of friend and peer reactions may have experienced social sanctions doing diabetes care in public. In terms of the sample, the majority of adolescents completed the questionnaires at home, and we have no information on whether they completed the forms independently. We also did not code the data to assess differences between the two recruitment methods. Likewise, we are missing the data on metabolic control for those adolescents who did not return completed forms and therefore cannot compare them with those of adolescents who completed the study. Also, the sample was predominately European American (81%), which limits the generalizability of the findings. In addition, causal relationships cannot be specified due to the cross-sectional design of the study. Rather, a longitudinal design with multiple measurements of metabolic control may better address the research questions. Finally, the current study may not have had enough statistical power to detect small to medium moderating effects of friend support (e.g., the path between negative attributions and anticipated adherence difficulties among peers) or any three-way interactions involving gender (Aiken & West, 1991) .
Results of the study point to the role of negative appraisals of others' reactions to self-care efforts in social situations. Adolescents who expect sanctions from friends or peers for public self-care behavior anticipate more adherence difficulties in those situations. Friend support does not seem to have a large impact on this relationship. Even with support of friends readily available (Helgeson, Reynolds, Shestak, & Wei, 2006; La Greca et al., 2002) , adolescents with diabetes may still worry about friend reactions. Thus, the social information processing model of adjustment suggests that adolescents' problems with adherence may be related in part to their own inaccurate thoughts and beliefs. Adolescents who avoid or carelessly engage in self-care behaviors because of (possibly) incorrect expectations of negative reactions from friends may miss opportunities to experience positive support and, ultimately, may increase their risk of diabetes complications. Interventions geared toward identifying, monitoring, and restructuring potentially distorted attributions related to self-care may be important steps in improving adherence behavior. Cognitive behavioral interventions to address misattributions of friend and peer reactions are indicated by the results of this study. Adherence in social situations represents only one context for this behavior, however. Future research should address the role of attributions related to engaging in self-management while in other settings or around other individuals (e.g., family, teachers). In addition, cognitive behavioral interventions should not be limited to changing cognitions about others' reactions. Behavioral strategies to improve access to friend support (e.g., social or assertiveness skills to explain self-care to friends or enlist their help, rehearsal of plans to minimize intrusion of self-care in some settings) may all be beneficial components of a treatment package.
